Abstract. Skeletal muscle metastasis of papillary or follicular thyroid cancer (PTC/FTC) is a rare finding; only 11 cases of skeletal muscle PTC or FTC metastasis have been included in medical literature reviews. The aim of this study was to identify all published cases of PTC and FTC muscle metastases and derive the true incidence of this malignancy. The probability of detecting the skeletal muscle metastasis of PTC and FTC was calculated based on epidemiological data. Databases of scientific literature on the Internet were searched for articles using relevant key words. The analysis of epidemiological data calculated the probability of detecting skeletal muscle lesions of this type as approximately zero. The literature search revealed 44 published international papers, reporting 58 cases of PTC or FTC skeletal muscle metastasis in 45 patients over 110 years, from 1907 to 2017. The most frequent PTC/FTC metastatic muscle was the gluteus. The majority of cases of muscle metastasis were caused by PTC, and metastatic tumors in the skeletal muscle negatively impacted the survival of patients with PTC or FTC.
Introduction
Among the 14.1 million new cancer cases worldwide in 2012, with an age-standardized incidence of 182 per 100,000 population, the World Health Organization (WHO) reported 230,000 new cases of thyroid cancer in women and 68,000 cases in men, with an age-standardized incidence rate (P ThCa ) of 3 per 100,000 for men and women combined (1) . The female-to-male incidence ratio of thyroid cancer is 3.4. Among women, the incidence varies regionally by ~5-fold, from 4.7 per 100,000 in Central and East Asia, to 20 in North America. In the WHO report, the age-adjusted incidence rate for thyroid cancer in Europe in 2012 was 7.8 per 100,000 for women and 2.5 per 100,000 for men, whereas the total number of new cancer cases was ~1,093,078 (standardized rate). Despite its rare incidence, papillary/follicular thyroid carcinoma (PTC/FTC) represents the most common type of all thyroid and endocrinological cancers (1) .
In an autopsy study of 3,827 cancer patients performed between 1914 and 1943 analyzed by diSibio and French (2), 9,484 metastases were detected. Among these lesions, 96 were metastatic lesions secondary to thyroid carcinoma. The most common metastatic sites for thyroid cancer as a primary source of malignancy were the lungs (n=22), regional lymph nodes (n=19), distal lymph nodes (n=13) and liver (n=10). The report also identified 16 metastases to skeletal muscles, though none were from thyroid tumors. Thus, the annual incidence rate for muscle metastasis in patients with cancer (P Meta ) was 0.0144%.
The rule for calculating the probability of two independent events occurring simultaneously is based on the conjunction formula; assuming that the incidence of skeletal muscle metastasis in PTC/FTC is the conjunction of the probability of each event, the formula is as follows:
P=P ThCa ∩ P Meta
Given the values of these two probabilities, the calculation is as follows: P=(3/100,000) x (0.0144%).
As a final result, the expected probability of detecting the skeletal muscle metastasis of PTC/FTC is 4/1,000,000,000. This event, with such a small probability, is predicted to occur only rarely. Medical cases published in the literature illustrate that events with a probability close to zero do in fact occur, thus confirming Borel's law (3). However, even in an extensive study by Haygood et al in 2012 (4) consisting of a literature review, clinical case reports and positron emission tomography-computed tomography (PET/CT) investigation, which included 341 patients with skeletal muscle metastases of carcinomas, no metastases derived from thyroid tumors were reported. Skeletal muscle metastases occur rarely, and metastases of PTC or FTC origin, collectively termed as differentiated thyroid carcinoma (DTC), are unique and may be clinically ignored, as noted by Song et al in 2011 (5); just 10 thyroid carcinoma metastases to the skeletal muscles were reported in their retrospective literature review. The aim of the present study was to identify all published cases of PTC and FTC muscle metastasis to identify the true incidence rate for this malignancy.
Materials and methods
Database search. Scientific databases (MEDLINE/PubMed, MEDLINE/Ebsco, Ovid, Scopus, ScienceDirect and Cochrane) on the Internet were searched for articles published prior to March 31st, 2017. The following keywords were used to identify published studies: 'thyroid carcinoma', 'papillary thyroid carcinoma', 'follicular thyroid carcinoma' and 'muscle metastasis'. No limits were imposed on the language of the articles. Data concerning the following factors were collected: Age, sex, type of tumor, thyroid surgery, single or multiple metastases, metastatic size, duration time from surgery to metastasis, whether metastasis was the first manifestation of the thyroid tumor, muscle involvement and survival time. 'Solitary metastasis' was defined as a single lesion in the skeletal muscle, whereas 'multiple metastases' were defined as multiple lesions involving skeletal muscle and other organs. Multiple lesions in different muscles without metastases in other organs were identified as 'synchronous muscle metastases'.
Statistical analysis. Statistical analyses were conducted using Statistica v.10 software (StatSoft, Inc., Tulsa, OK, USA). Collected data were assessed for a normal distribution with the Shapiro-Wilk and Lilliefors tests. The χ 2 and Wilcoxon tests were used to assess the associations between nominal and continuous variables, respectively. Correlations between variables were analyzed using Spearman correlation. Residual analysis was used to detect outliers in regression model. Outliers were identified when the residual values were higher than 1.5 times of the quartile range. Then, each outlier data could be excluded provided that Cook's distance was not greater than 1.0-we would consider this data influential. P<0.05 was considered to indicate a statistically significant difference.
Results
Identified studies. Few accurate literature reviews are available concerning DTC metastases, with a number of additional papers providing retrospective reviews in the text. Of these, the reports described in the following section were considered to be of note.
In 2006, Pucci et al (6) presented a case of solitary PTC metastasis in a biceps muscle and reviewed the literature, reporting just 3 previous cases of PTC muscle metastasis. In 2009, Qiu and Luo (7) presented 2 cases of erector muscle metastasis. In a retrospective review of the literature, the authors reported a further 6 cases of DTC muscle metastasis (7). In 2011, Song et al (5) undertook a retrospective analysis of the literature and identified just 10 cases of DTC muscle metastasis; it was concluded that 'most skeletal metastases are neither painful nor palpable'. In 2011, Bae et al (8) presented a case of PTC muscle metastasis and reported just 2 previous cases of PTC skeletal muscle metastases based on a literature review. Song et al reviewed the literature again in 2012 (9) , and to their knowledge, just 7 cases of muscle PTC metastasis and 3 cases of muscle FTC metastasis had ever been reported. In 2013, Pirvu et al (10) presented a case of FTC pelvic muscle metastasis and reported just 5 cases of DTC skeletal muscle metastasis in the literature. Tunio et al (11) described the FTC synchronous metastatic infiltration of 4 muscles, identifying just 7 cases of FTC skeletal muscle metastasis in the literature; the authors presented these 7 cases in a table, including 3 cases of FTC and 4 cases of PTC (sic). In 2014, Xue et al (12) investigated synchronous thigh and buttock FTC metastases, and analyzed the existing literature; this group identified just 11 cases of DTC muscle metastasis. Piplani et al (13) reported a patient with pelvic muscle FTC metastasis and identified 'only a handful of cases, especially in erector spinae and biceps muscle' in the literature, among which was an incorrectly reported case of pelvic metastasis reported by Dequanter et al (14) ; however, the tumor was an undifferentiated carcinoma and not of PTC origin. Yang et al (15) reported an unusual case of PTC metastasis to the gastrocnemius muscle and described just 2 cases of PTC skeletal muscle metastasis from the literature. In 2015, Portela et al (16) presented a case of PTC muscle metastasis within the sternocleidomastoid muscle and reviewed the literature, identifying just 1 previous case of PTC muscle metastasis. Sarma et al (17) described a case of FTC deltoid muscle metastasis; from reviewing the literature, the authors reported just 3 cases of solitary DTC muscle metastases. Cassidy et al (18) reported a case of PTC muscle metastasis; they reported 3 documented cases of symptomatic PTC muscle metastasis, and 3 cases of incidentally diagnosed PTC by single-photon emission computed tomography/CT and PET/CT, from the literature. In 2016, Li et al (19) discussed a case of synchronous PTC skeletal muscle metastasis and stated that there were 'only a few reports' of DTC skeletal muscle metastasis, without precise descriptions. Kuscic et al (20) published a case of PTC muscle metastasis and undertook a retrospective review of the literature, identifying only 7 reports of PTC muscle metastasis, with reference to studies by Song et al (5) and Iwai et al (21) .
In total, the retrospective analysis of the medical literature revealed 44 published international studies describing 58 cases of PTC or FTC skeletal muscle metastasis in 45 patients over a period of 110 years (1907-2017; Table I ) . The majority of the cases were reported during the last 10 years (Fig. 1) . In 13 published studies (30%), there was no reference to PTC/FTC metastasis to the muscles in either the title or the summary (10, 24, 28, 29, 31, 35, (40) (41) (42) (43) 48, 50, 51) .
Data Patient characteristics.
In the present study, from 57 published cases of PTC/FTC muscle metastasis, the group analyzed included 28 females (62%) and 17 males (38%). The mean age was 56.1 years [95% confidence interval (CI), 50.9-61.2; range, . A total of 32 patients (71%) presented with PTC, including 6 with a follicular variant, whereas 13 patients (29%) presented with FTC. The metastatic lesions were confirmed as metastases from PTC or FTC by biopsy and/or by surgical excision. Due to the lack of basic data, the case reported by Langhans (22) was not considered. The main features of the patients from all published cases are summarized in Table II .
Age and time of diagnosis. In total, 36 patients (82%) with a mean age of 54.7 years (95% CI, 48.7-60.3) had skeletal muscle metastasis diagnosed subsequent to thyroid surgery thyroidectomy, at a mean of 6.2 years afterwards (95% CI, 4.2-8.2; range, 1 month to 22 years). In 17 of the 36 patients, metastatic lesions were clinically silent and diagnosed only by chance. In contrast, 8 patients (18%) with a mean age of 63.4 years (95% CI, 50.8-75.9) had skeletal muscle metastasis diagnosed prior to thyroidectomy, as the first manifestation of malignancy, including 4 cases of PTC and 4 cases of FTC.
Metastatic muscle types. Excluding Langhan's case, the most frequent metastatic muscles were the gluteus (9 cases), (19, 20) sternocleidomastoid (7 cases) and thigh (5 cases). Table III contains a detailed distribution of the muscle metastases; in summary, a total of 24 different muscles were involved in DTC. The majority of muscle metastases were associated with metastases in other organs, including other muscles, occurring in 38 patients (86%). Among them, synchronous muscle metastases were detected in 8 patients (18%). Solitary metastases were identified in 6 patients (14%), of whom 4 were diagnosed post-operatively with metastatic lesions, and 2 pre-operatively, as the first symptom of malignancy. Multiple muscles, ranging from 2 to 4 muscles, had been invaded in 8 patients (18%).
Medical history data. Detailed medical histories were available for 40 patients. Among them, 13 patients (32.5%) complained of painful muscle metastasis, whereas 27 (67.5%) were free of metastatic pain. A total of 11 patients had muscle metastasis detected during a palpation study. Among the 18 patients with recorded metastatic tumor sizes, the mean longest dimension was 6.3 cm (95% CI, 3.8-8.9; range, 0.9-20). Subsequent to the diagnosis of muscle metastasis, the following medical treatments were undertaken: Surgical excision alone in 18 patients, surgical excision post-biopsy in 5 patients, surgical excision and radiotherapy in 1 patient, biopsy alone in 13 patients, biopsy and radiotherapy in 3 patients, radiotherapy alone in 2 patients and sorafenib therapy in 2 patients.
Survival time. There were 10 reported cases of mortality, at a mean of 18.1 months (95% CI 5-41.3; between 1 week to 9 years) after muscle metastatic tumor detection. A total of 5 deceased patients had been diagnosed with PTC, 4 with FTC, and 1 with a follicular variant of PTC. Among these patients, muscle metastasis was diagnosed at a mean of 65.1 months (95% CI, 30.7-120; range, 1 month to 15 years) after the first thyroid carcinoma diagnosis and thyroid surgery. In a patient reported by Johannessen et al (23) , survival times before and after metastasis appeared inconsistent with the remainder of the data set: metastasis-free survival was 6 years, and overall survival after metastasis was 9 years. This postmetastatic observation was identified as outlier (residual value was 11 times higher than the quartile range) and considered as non influential data (Cook's distance was 0.43). As a result, this observation was excluded from further statistical analysis. 2 test confirmed an association between the number of lesions and sex (P= 0.0101). Among the 28 women, 96% had multiple lesions, while among the 16 men, 69% had multiple lesions. The group of 6 patients with solitary lesions was predominantly comprised of men (83%), whereas the group of 38 patients with multiple lesions largely consisted of women (71%).
Number of lesions ---------------------------------------------------------

Identified ---------------------------------------------------
There was an association between the type of tumor and pre-/postoperative tumor identification (P= 0.0239; χ 2 test), with PTC bone metastases primarily identified postoperatively. Both PTC and FTC were most frequent in the postoperative period, at rates of 90 and 62%, respectively. Compared with FTC, PTC was detected 3.5-fold more often during the postoperative period. Additionally, there was a negative correlation between the survival time before or after muscle metastasis and age (r=-0.46 and r=-0.39, respectively; P<0.05). (52) with the first observation of muscle infiltration by PTC in 1907. In the original paper, published in German in Virchows Archiv, Lanhgans presented a case of a woman with PTC where 'cellular extensions penetrated into the muscles' (21) .
Discussion
Theodor Langhans is credited by Wozencraft et al
As defined by Mizukami et al (53) , distant metastasis in FTC/PTC constitutes a tumor located 'outside the neck, thyroid or upper mediastinal area'. All metastatic muscles that pass the neck, including those connected to the cranium, are debatable. Therefore, in cases of carcinoma spreading to the sternocleidomastoid muscle, to avoid speculation of any type, the best solution is to use the term 'locoregional metastasis'. Among the 7 cases of sternocleidomastoid muscle metastasis published to date, 3 occurred as a result of previous endoscopic thyroid surgery (35, 42, 45) , and 2 developed subsequent to a fine-needle aspiration biopsy (29, 33) . The other two cases of sternocleidomastoid muscle metastasis were likely due to carcinoma seeding from a previous thyroid operation (16, 28) . Among these 7 cases, 5 and 2 had PTC and FTC metastasis, respectively. In summary, all 5 jatrogenic cases should be excluded from further analysis; thus, there were only 2 cases of natural sternocleidomastoid muscle metastasis. Although the skeletal muscles are hostile sites for cancer infiltration, malignant cells may spread to this organ (54) . The mechanism for metastasis of this type may be hematogenic invasion, lymphatic metastasizing or extrathyroid extension from the post-operative bed (55, 56) .
In the present review of muscle PTC/FTC metastases, the female-to-male ratio was found to be 1.6, which is >2-fold lower than the incidence of primary carcinomas of this type among women and men (3.4) .
In contrast to the results of Song et al (5) , the present review identified that among the patients with muscle DTC metastasis with a detailed medical history, 1/3 complained of muscle pain, and the metastatic tumor could be detected by palpation in the majority of cases. This finding is in accordance with the statement by Tunio et al that 'skeletal muscle metastases present as painful masses' (11) . However, it is difficult to agree with the statement by Xue et al that 'Most of skeletal muscle metastases are silent and may occasionally present as painful masses' (12) . The mean size of the metastatic tumors was 6 cm, and this size is similar to that described by Tunio et al (2-12 cm) (11) .
There is a likelihood that the malignancy was more aggressive, with multiple metastases in other organs, in younger patients. In general, the prognosis for PTC and FTC becomes worse with age and the conclusion of the present study supports this idea: The older the patient, the shorter the period between the onset of PTC/FTC and muscle metastases, as well as the period between muscle metastases and death.
Incidental PTC and FTC, which may not be detectable clinically, are currently identified via neck ultrasound, scintigraphy, fine-needle aspiration biopsy, CT, magnetic resonance imaging (MRI), whole-body scanning or 18F-fluorodeoxyglucose PET/CT during the pre-and post-operative management of thyroid carcinoma.
Carcinoma metastasis as an initial manifestation of occult PTC/FTC is very rare. In one of the largest Japanese studies with a cohort of 5,969 patients with PTC receiving surgery between 1987 and 2004, Ito et al (57) reported that distant metastasis was detected in 50 and 21 patients in the pre-and post-operative periods, respectively, using roentgenography, CT, scintigraphy and/or MRI; no muscle metastases were noted among the distant metastases. In the present review, 25 cases were identified of muscle metastasis diagnosed by chance post-operatively (17 cases) or as the first sign of occult PTC/FTC (8 cases). In contrast to the other organ metastases presented in the Japanese study, muscle PTC/FTC metastases, which were diagnosed incidentally, were 2-fold more frequent in the post-operative period. One reason for this apparent discrepancy may be the relatively higher quality and wider availability of imaging modalities, particularly PET/CT-fused images.
In a series of 449 PTC and 309 FTC patients, Pomorski and Bartos (27) detected distant metastases, predominantly to the bones and lungs, as the first sign of DTC in 4% and 1.9% of patients, respectively. According to Karaca et al (43) , distant metastasis is detected upon the initial diagnosis of PTC in 2-5% of cases, whereas this value is just 1% according to Ito et al (57) . In the present review, the corresponding rates were 13% for PTC and 31% for FTC. This notable difference may result from the fact that, in cases of muscle metastasis, the symptoms are more clinically visible, and are not hidden, as often occurs in cases of metastasis to deeper organs.
In the present review, the median overall survival after muscle metastasis was 18.1 months, whereas the reported median overall survival in patients with other PTC/FTC organ metastases is 49.2 months (58). Furthermore, the survival time after muscle metastasis in the present study was 3.6-fold shorter than the metastasis-free survival time. However, the differences in the rate that thyroid malignancy is revealed in the form of muscle metastasis between PTC and FTC may be attributable to the more invasive behavior of FTC relative to PTC. The aggressiveness of FTC presenting as muscle metastasis with no evidence of primary thyroid tumors could be the reason for this discrepancy. Therefore, PTC/FTC malignancy with muscle metastasis may be considered to have a worse prognosis.
The most common muscle involved in PTC/FTC malignancy was the gluteus muscle, as observed in 16% of reported cases, compared with the erector spinae muscles as concluded by other modern papers (8, 10, 17) . The present review of the literature identified just 4 cases of erector spinae DTC metastasis (7%).
In summary, there were 58 PTC/FTC skeletal muscle metastases in 45 patients published in the medical literature over a 110-year period. The most frequently observed PTC/FTC metastatic muscle was the gluteus. The majority of the cases of muscle metastasis were caused by PTC. PTC/FTC metastasis to the skeletal muscle had a negative impact on survival. FTC may be more aggressive, as it is revealed earlier by the identification of muscle metastasis in cases of occult thyroid carcinoma.
